The risk of cardiovascular disease may depend more on lifestyle factors than has hitherto been realized. In men, a sedentary lifestyle is associated with increased morbidity from ischaemic heart disease 1 " 3 and stroke, 4 ' 5 to a varying degree explained by effects on body mass, serum cholesterol or blood pressure. Few studies include women, but low physical activity has been shown to be related to an increased risk of both myocardial infarction and stroke in middle-aged women, 6 -7 although the effect on stroke was not independent of other risk factors in the Framingham Study. 8 In prospective studies, impaired fibrinolysis has been implicated in the pathogenesis of myocardial infarction 9 " and ischaemic stroke. 12 The activity of tissue plasminogen activator (tPA) and plasminogen activator inhibitor type 1 (PAI-1) is strongly related to cardiovascular risk factors, established or proposed, such as hypertension, high triglyceride levels, obesity 13 and fasting insulin, 14 factors that are also influenced by regular physical activity. 3 ' 6 Adverse changes in fibrinolysis may thus be a link between a sedentary lifestyle and athero-thrombotic disease. The acute effect of exercise is an increased fibrinolytic activity. 1516 Less is known about the influence of regular leisure time physical activity in the general population although an inverse relationship between tPA mass concentrations and physical fitness was found in middle-aged men. 17 Our aim was to study fibrinolytic variables in relation to physical activity in a randomly selected population sample. This study is unique in that it includes a large population-based sample of both men and women, with a broad age range and includes measurements of specific components of the fibrinolytic system.
MATERIAL AND METHODS
The study was performed within the framework of the Northern Sweden MONICA Project which is part of the WHO MONICA (Monitoring of Trends and Determinants in Cardiovascular Disease) Project. In 1990, a population was screened for cardiovascular risk factors. A total of 2000 individuals in the 25-64 year range were invited to participate. Within each age group (25-34, 35-44, 45-54, 55-64 years) 250 men and 250 women were randomly selected from continuously updated population registers in Norrbotten and Vasterbotten, the two northernmost provinces of Sweden. If they did not attend the examination, a reminder with a new appointment was sent. People who still did not come were contacted by telephone to ascertain reasons for not attending and to obtain basic information on their social background and risk factors. 18 In all, 1583 subjects participated in the study (79% of those invited). We excluded 22 who had had a myocardial infarction and 19 who had suffered a stroke because of the possible influence on physical activity. Complete datasets regarding tPA activity, tPA mass concentrations and PAI-1 activity were available on 733 men and 774 women. The Northern Sweden MONICA Study has been approved by the Research Ethics Committee of Umea University.
Blood Sampling
Participants were instructed not to use tobacco during the hours preceding the examination which took place between 7 a.m. and 3 p.m. No restrictions were given with regard to physical activity. Sampling and examination of the participants have been reported. 13 ' 19 Serum triglycerides (from 423 men and 469 women) and insulin (from 400 men and 439 women) were only sampled in subjects who had fasted for 12 hours. Insulin measurements from known diabetics were not included. The tPA activity and PAI-1 activity were determined by chromogenic assays; Spectrolyse/fibrin and Spectrolyse/pl kit (Biopool AB, UmeS, Sweden) respectively. The tPA mass concentrations were measured by an ELISA method (TintElize tPA, Biopool AB, Umea, Sweden). Details regarding assay imprecision and analytical sensitivity have been published. 19 Serum triglyceride levels were determined by an enzymatic method (Boehringer Mannheim GmbH, Mannheim, Germany) and serum insulin by a radioimmunoassay (Phadeseph Insulin R1A, Pharmacia Diagnostics AB, Uppsala, Sweden).
Classification of Physical Activity
Using a questionnaire, self-reported physical activity during leisure time was coded to a four-point scale: the first group took no or only light physical activity <2 h per week (sedentary), the second group engaged in light physical activity (walking, bicycle riding) 2=2 h per week (light activity). The third group was moderately physically active (playing tennis, jogging, swimming) <3 h per week (moderate activity) and those in the last group were either moderately active >3 h per week, did strenuous exercise (cross-country skiing, soccer or corresponding) several times a week or were regular competitors in endurance sports (strenuous activity).
Statistics
Mean values and 95% confidence intervals (CI) for risk factors across groups of increasing physical activity are given and significance testing for differences between groups was done by analysis of variance (ANOVA). No correction for multiple comparisons was applied. As the distributions for tPA activity, tPA mass concentrations and PAI-1 activity, as well as insulin and triglyceride levels were skewed, we report means for these variables logarithmically transformed (i.e. geometric means) which also improved homogeneity of variance. Analysis of covariance was used to stepwise adjust for previously known predictors of fibrinolytic variables. When comparing levels of fibrinolytic variables across groups of physical activity, a test for trend was carried out by means of a linear regression analysis. Two-tailed significance tests were used. The computer program SPSS for Windows, 6.0, was used.
RESULTS
Women reported less physical activity than men (Table I) . A greater proportion of women (77.2%) took no or only light activity, compared to 65.6% of men. While 17.1% of men reported regular strenuous exercise, only 5.2% of women participated in such activities. More active subjects were younger and had lower body mass index (BMI) and waist:hip ratio. Triglyceride and fasting insulin levels decreased with higher levels of activity, as did diastolic blood pressure. Forty subjects had diabetes and 111 subjects were treated for hypertension. Thirty-five women used oestrogen replacement therapy and 48 used contraceptive pills.
In both men and women, tPA activity increased with more intense physical activity, although only significantly so in men ( Table 2 ). The increase from the most sedentary to the most active subjects amounted to 0.20 IU/ml (95% CI : 0.10, 0.29) or 28.9% in men and 0.10 IU/ml (95% CI : -0.07, 0.24) or 11.6% in women. Adjustment for age, BMI and waist:hip ratio slightly attenuated this relationship but when triglyceride levels were also taken into account, the test for trend was no longer significant in men. Exchanging triglycerides for insulin gave the same result (data not shown).
The tPA mass concentrations decreased linearly and significantly with each level of higher physical activity (Table 3) . Sedentary subjects had higher levels than strenuously active participants; in men the difference was 2.0 ug/1 (95% CI: 1.1, 2.9) or 27.4% and in women 1.6 ug/1 (95% CI: 0.6, 2.8) or 28.0%. The trend decreased only slightly if age, BMI and waist:hip ratio were adjusted for. After also taking triglyceride levels into account, the trend for lower tPA mass concentrations with increasing activity remained significant, but adjusting further for fasting insulin levels abolished this (data not shown).
In both genders, PAI-1 activity decreased with increasing levels of physical activity ( Table 4 ). The PAI-1 activity was 3.0 U/ml (95% CI: 1.5, 4.8) lower or 38.5% in the most active men compared to the most sedentary men (Table 4 ). In women the decrease was 1.9 U/ml (95% CI: 0.5, 3.8), 30.6%. In men, adjusting for anthropometry and age made little difference for the association between activity and PAI-1, while also taking triglycerides or serum insulin levels into consideration rendered the trend insignificant. In women, the relationship was more robust and still significant after adjusting for age, BMI, waistrhip ratio, triglyceride and insulin levels (/• = 0.03, test for trend). DISCUSSION This is the first study showing that self-reported leisure time physical activity is a predictor of fibrinolytic activity in a randomly selected large population comprising both men and women, with a high incidence of cardiovascular disease. 20 The tPA activity, was greater with increasing physical activity, although not significantly so in women. The tPA mass concentration ('tPA antigen') decreased with higher activity levels. This immunological method mainly measures the inactive tPA-PAI-1 complex and is only weakly and inversely related to tPA activity. 19 ' 21 The main regulator of tPA activity, PAI-1 activity was strongly and inversely related to physical activity levels in both genders.
A drawback of our study is the crude classification of activity. This possible imprecision and the pitfalls of self-reported activity level make random misclassification possible. But as this would only dilute the strength of the relationship it does not invalidate our results. Non-random misclassification is possible with moderately active subjects estimating their activity as strenuous, which would bias the data towards the null. Sedentary and less active participants claiming moderate activity could enhance the difference between the most active subjects and the moderately active ones. Recent validation studies of (more complex) questionnaires show them to be highly reliable and accurate, especially when assessing heavy intensity activities. 22 Individuals who exercise less tend to drink less alcohol which could influence the interpretation of our findings. We could not adjust for alcohol consumption, but as fibrinolytic activity was increased in drinkers compared to non-drinkers in the Northwick Park Study 23 this would lead to an underestimate regarding tPA activity. On the other hand, tPA concentrations increase with moderate alcohol intake. 24 Thus, we may overestimate the effect on physical activity on tPA mass concentrations.
Clues to causal mechanisms can be found by stepwise adjustment for factors related to both fibrinolysis and physical activity. A minor part of the relationship was associated with age and obesity but the major links seemed to be the lower triglyceride and serum insulin levels seen in subjects with higher activity levels. The results in the group of men practising strenuous activity differ somewhat in the greater magnitude of change in tPA activity and PAI-1 activity with adjustment for triglycerides. The impact of exercise and/or triglycerides on fibrinolysis in this group may differ from that found in women and less active men. Causal interpretations could not be made from our data. Some support can be drawn from previous findings that the triad of obesity, high insulin and triglyceride levels is the major predictor of fibrinolytic variables in epidemiological studies.
13 ' 14 In cell cultures, triglyceride-rich very low density lipoprotein particles, 25 insulin 26 and proinsulin and its split products 27 stimulate the synthesis and release of PAI-1.
We have been unable to find any population studies on physical exercise and fibrinolysis using assays for specific components, such as tPA activity or PAI-1 activity. Recently, a cross-sectional study in 111 middleaged men, showed lower tPA mass concentrations with increasing cardiorespiratory fitness, but the association vanished after adjustment for insulin and triglyceride levels. 17 In male offspring of patients with coronary artery disease, physical activity was a predictor of tPA and PAI-1 activity, independent of triglycerides and insulin levels. 28 Exhaustive physical exercise has been used as a test of tPA releasing capacity. 15 Increased adrenalin concentrations in blood may be responsible for greater tPA activity during exercise by stimulating endothelial release of tPA, but also by reducing hepatic blood flow which leads to decreased clearance of tPA. 16 Values return to baseline within an hour after exercise stops. 29 Interventional studies have shown that 2 weeks of heavy endurance activity led to a decrease in tPA mass concentrations and PAI-1 activity, partly attributable to lower body fat and insulin levels, but tPA activity did not change. 30 Six months of intensive training did not influence fibrinolysis in young men, but in older men a large increase in tPA activity and decrease in PAI-1 activity was found. 21 In sedentary young men who ran 5 km every other day over 5 months, PAI-1 activity decreased in parallel with weight loss. 31 Three months after they had ceased exercising the values returned to baseline. Twenty sedentary males and 15 females participated in a strenuous endurance training programme during 9 months after which PAI-1 activity decreased by approximately 75%, while tPA mass concentrations did not differ. 32 None of these studies took changes in triglyceride or insulin levels into consideration. In a clinical trial, middle-aged men were randomized to different levels of unsupervized aerobic exercise over 6 months. 33 No improvement was seen in the levels of tPA or PAI-1, in spite of a slight weight loss but this may be explained by the lack of improvement in maximal oxygen uptake. We conclude that regular leisure time physical activity is associated with increased fibrinolysis in a dose-dependent manner. Fibrinolytic activity may be an important component of the linkage between physical activity on one hand and cardiovascular disease on the other.
